Poster Presentations / Osteoarthritis and Cartilage 19S1 (2011) S53-S236 S217 Conclusions: hMSCs were well integrated with the engineered cartilage, and chondrocytes maintained their phenotype. hMSCs improved integration into TTM. This results show significant progress towards mimicking the native structure of the calcified zone to the subchondral bone in the articular cartilage. Purpose: Success in cartilage tissue engineering and cartilage repair strategies depends on the formation of a hyaline cartilage tissue. In any circumstances, the interaction of at least the four components cells, scaffold/ matrix, biochemical, and biomechanical factors, is of utmost importance to induce or maintain the cells in a chondrocytic phenotype, which is a prerequisite to form hyaline cartilage tissue. Any significant in vitro evaluation, such as testing different cell-scaffold constructs, has to be performed under the harsh conditions encountered in vivo within synovial joints. Therefore, many different bioreactor systems have been developed with the aim to simulate these conditions. However, two main shortcomings have been identified in these systems: (i) the mechanical stimulation units do not operate within a physiological stress range and are limited in the applicable motion pattern, and (ii) most systems lack an ambient control and therefore no hypoxic environment is generated as encountered in synovial joints. We have addressed these shortcomings by designing a fully autonomic modular Physiologic Robot Reactor System (PRRS). Methods: We have engineered a reactor system that comprises a mechanical stimulation unit (MSU), an automatic sample changer (ASC), and an environmental control box (ECB) (Figure 1 ). The MSU is designed with three linear (orthogonal axes) and one rotational degree of freedom (around z-axis; a rotational component around y-axis is pending). The load generated by the MSU is transferred via an exchangeable plunger on a sample tissue placed in a sample holder (Figure 2 ). Highly accurate force-feedback and motion systems are controlled by ultrafast Field Programmable Gate Array (FPGA) and real-time components which continuously monitor all system parameters. The ASC is designed as a carrousel providing space for 24 sample holders, which allows for individual piloting of the samples with their own stimulation pattern. The ASC and the MSU are integrated in the ECB in which humidity, temperature, gas composition (O2, CO2), and pressure are actively controlled. In addition, an automated media exchange is also implemented in the system, which enables a prolonged uninterrupted cultivation of sample tissues. Results: The complex physiological motion and load pattern of a knee joint were closely simulated by combining sinusoidal and linear motions. Loading forces of up to 500 N in z-axis were achieved, closely matching the physiological forces encountered in the knee. Within the ECB, the climate is accurately controlled and maintained (deviations of less than 0.1% and 0.1°C from given gas concentrations and temperature, respectively) within the range of the detectors.
Conclusions:
The PRRS has the potential to be a convenient and flexible tool for screening and evaluation of cartilage repair strategies in vitro performed under the harsh conditions encountered in vivo within synovial joints. The PPRS is designed modularly, thus it is a very flexible system that may also be used for the stimulation of other sample tissues than cartilage, with much different mechanical and environmental parameters. Purpose: Tissue engineering has tremendous potential for long-term repair of cartilage lesions, but current tissue engineered cartilage constructs, while similar in biochemical features, have inferior mechanical properties compared to native cartilage. This problem may be due to a lack of an oriented structure in the constructs at the microscale that is present in the native tissue. The goal of this study is to test the hypothesis that microscale features on scaffolds will cause the differentiating mesenchymal stem cells (MSCs) to preferentially arrange themselves and to create a microscale-oriented extracellular matrix similar to the native tissue structure. Another goal of the study is to investigate a method to convert the findings to form larger 3D cartilage constructs. Methods: Channels of varying microscale dimensions (25-1000 micrometers) were formed in collagen-based scaffolds via microfabrication. The channel quality was confirmed through image analysis. Human MSCs were seeded in these channels, and Live/Dead staining was used to confirm the viability of cells within the channels. Selective attachment and spreading of MSCs within the channels was ensured by modifying the plateau regions with triblock copolymer F108. The chondrogenic potential of MSCs seeded in these channels was investigated by culturing them in chondrogenic medium for three weeks, then evaluating them by type II collagen immunohistochemistry, and for mechanical behavior. Results: We show selective adhesion of MSCs in microchannels. MSCs aligned along the length of the channel at optimal channel dimensions of 25-100 micrometers. We further show mature oriented type II collagen formation in smaller channels. In addition, we show the mechanical properties (modulus of elasticity and ultimate stress) were significantly improved in scaffolds with MSCs in smaller channels. More importantly, a new method was developed to obtain large 3D constructs that contain these microscale guidance features. Conclusions: Microscale channels of collagen can guide MSCs and lead to improved mechanical biochemical function of the construct. In addition, we demonstrate that large cartilage constructs with such microscale guidance features can be fabricated for in vivo testing. This work paves the way for developing cartilage constructs with ultrastructure similar to native tissue.
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